The Kortweg-de Vries equations play an important role to model different physical phenomena in nature. In this research article, we have investigated the analytical solution to system of nonlinear fractional Kortweg-de Vries, partial differential equations. The Caputo operator is used to define fractional derivatives. Some illustrative examples are considered to check the validity and accuracy of the proposed method. The obtained results have shown the best agreement with the exact solution for the problems. The solution graphs are in full support to confirm the authenticity of the present method.
Introduction
In the study of nonlinear dispersive waves, Kortweg-de Vries (KdV) is an important class of differential equations. This class is derived by two great scientists Kortweg and de Vries in 1895 for describing long wave propagation on shallow water. Although KdV equations are studied from a decade, its physical behavior is still curious. The phenomena described by Russell can be expressed by the KdV equation successfully [1] . This equation plays an important role in various fields of science and technology, so a lot of research work has been devoted for this study [2] . Numerous physical problems in different fields of mechanics, biology, hydrodynamics and plasma physics are successfully modelled by a nonlinear coupled system of Partial Differential Equations (PDEs).
In nonlinear PDEs, the nonlinear term is completely responsible for the study of any physical problem [3] . The exact solution of nonlinear PDEs may not be calculated easily, therefore various analytical and numerical techniques have been suggested for the solution of such types of equations. The well-known analytical approaches for the solution of coupled systems of differential equations are iterative methods, perturbation methods and homotopy based methods, etc. Each approach has its own merits and demerits. Some approaches for the solution of coupled system of differential equations have been discussed successfully in [2] .
Generalized Hirota-Satsuma coupled KdV equations have been solved, using the modified decomposition method [4] . An exact approach has been suggested for the solution of coupled KdV, using the homogenous balance method [5] . By using the differential transform method, the analytical solutions of coupled KdV have been studied in [6] . The homotopy analysis method have been 
In this study, Caputo et al. [22] suggested a revised fractional derivative operator in order to overcome inconsistency measured in the Riemann-Liouville derivative [23] . The above mathematical statement described the Caputo fractional derivative operator of initial and boundary conditions for fractional as well as integer order derivatives.
Definition 2.
The Caputo operator of order γ for fractional derivative is given by the following mathematical expression for n ∈ N, x > 0, g ∈ C t , t ≥ −1:
∂t γ .
Hence, we require the subsequent properties given in the next Lemma.
Lemma 1.
If n − 1 < γ ≤ n with n ∈ N and g ∈ C t with t ≥ −1, then
, a, γ≥0.
In the current study, the Caputo operator is reasonable as other fractional derivative operators have certain disadvantages. Further information about fractional derivatives are found in [24] .
Definition 4. The Laplace transform in term of convolution is given by
Here, h 1 * h 2 , define the convolution between h 1 and h 2 ,
Fractional derivative in terms of Laplace transform is
where H(s) is the Laplace transform of h(t).
Theorem 1. Here, we will study the convergence analysis in the same manner as [25] of the LADM applied to the fractional-order Kortweg-de Vries. Let us consider the Hilbert space H which may define by H = L 2 ((α, β)X[0, T]) the set of applications:
Now, we consider the fractional-order Kortweg-de Vries in the above assumptions and let us denote L(u) = ∂ γ u ∂t γ . Then, the fractional dispersive PDE becomes in an operator form
The LADM is convergence, if the following two hypotheses are satisfied:
H(2) may be M > 0, and there exists a constant C(M) > 0 such that, for u, v H with u ≤M, v ≤M,
Idea of Fractional Laplace-Adomian Decomposition Method
In this section, the Laplace-Adomian Decomposition Method is discussed for the solution of FPDEs:
where
the Caputo Operator γ, m ∈ N, where L and N are linear and nonlinear functions, q is the source function. The initial condition is
Applying the Laplace transform to Equation (1), we have
and using the differentiation property of Laplace transform, we get
The LADM solution u(x 1 , t 1 ) is represented by the following infinite series
and the nonlinear terms (if any) in the problem are defined by the infinite series of Adomian polynomials,
Substituting Equations (5) and (6) into Equation (4), we get
Applying the linearity of the Laplace transform,
Applying the inverse Laplace transform, in Equation (9)
Results

Example 1. Consider the nonlinear KdV system of time-fractional order
with initial condition
For γ = 1, the exact solutions of the KdV system Equation (11) are given by
where the constant a is a wave velocity and η,α are arbitrary constants. Taking Laplace transform of Equation (11),
Applying inverse Laplace transform
Using the ADM procedure, we get
are Adomian polynomials, represent nonlinear terms in above equations. The components of the above Adomian polynomials are given below:
.
The subsequent terms are
The LADM solution for Example 1 is
The numerical values of Example 1 show the accuracy and efficiency of the LADM at different values of x 1 , t 1 in Table 1 . In Figures 1 and 2 and Table 1 Example 2. Consider the nonlinear dispersive long wave system of time fractional order
Taking Laplace transform of Equation (17),
where A j (u, v) x 1 is Adomian polynomials, representing nonlinear terms in the above equations. The components of the above Adomian polynomials are given below
for j = 0, 1, 2, ..
,
The LADM solution for Example 2 is
For γ = 1, the exact solutions of the KdV system Equation (17) are given by
where a,η are arbitrary constants. Similarly, the numerical values of the Example 2 show the accuracy and efficiency of the LADM at different values of x 1 , t 1 in Table 2. In Figures 3 and 4 and Table 2 , we consider fixed values a = η = 0.5, α = 1 and fixed order γ = 1 for piecewise approximation values of x 1 , t 1 in the domain −10 ≤ x 1 ≤ 10 and 0.20 ≤ t 1 ≤ 1. The a and b in Figure 3 represent the graphs of LADM solution at γ = 1, and error graphs a and b at γ = 1 in Figure 4 , respectively, of Example 2. It is clear from the Figure 3a ,b that LADM solutions are in good agreement with the exact solution of the problems. The small difference from the solutions graph of the problem because the solution of the fractional-order problems creates a little deviation from the solution at integer order problems. The a and b in Figure 4 show the variation of the error for different values of the variables x 1 and t 1 . Example 3. Consider the nonlinear KdV of time-fractional order as given in [26] :
with initial condition u(x 1 , 0) = −2 sec h 2 (x 1 ).
Taking Laplace transform of Equation (24) 
Conclusions
In this research article, we applied the Laplace-Adomian Decomposition Method for the solution of the fractional KdV type system of partial differential equations. The fractional derivatives are represented by the Caputo operator. The results of the proposed method are obtained for both fractional and integer order problems successfully. The solutions of fractional order problems are convergent to the integer order problem as fractional order approaches to integer order. Moreover, the behavior of the method is explained through graphs of different numerical examples. The analysis has confirmed that the results obtained by this method are in good contact with the exact solutions for the problems. 
